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INTRODUCTION
Rice is the most important food crop in 
developing countries.  In fact, it is the basic food 
for nearly half of the world’s population, which 
is mostly concentrated in Asia.  The production 
of rice has surged over the past 30 years, driven 
in the beginning by the doubling of yields and the 
expansion of the cultivated areas.  Irrigated rice, 
which accounts for more than 75% of the global 
rice production, has been responsible for most of 
this production increase (IRRI, 1993).
Although rice production has so far kept up 
with the population growth, new studies suggest 
that an additional increase of 50 – 70% of the 
current supply is needed to meet the demand 
until 2025 (Pinggali et al., 1997).  As the land 
resources are shrinking, the present trends 
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ABSTRACT
Somatic embryogenesis is an efficient plant regeneration system and it is a potentially useful tool for genetic 
transformation.  An experiment was carried out on somatic embryogenesis from scutellar embryo of rice var. 
MR219.  High intensity of callus formation (100%) was initiated through culturing the scutellar embryo on 
modified MS medium, with the macro nutrients reduced to half-strength and supplemented with different 2,4-D 
concentrations (1, 2, 4 and 6 mgL-1).  Meanwhile, the highest percentage of embryogenic callus formation (80%) 
was obtained on the modified MS medium containing 4 mgL-1 2, 4-D.  The calli produced were yellowish and 
friable with nodular structures on the surface.  Rounded cells with highly dense cytoplasm were also observed 
under an inverted microscope and their viability was confirmed based on the apple green fluorescence staining 
in the fluorescein diacetate (FDA) solution.  High mean number of somatic embryos was also produced in 
this treatment, at 85 somatic embryos per explant.  Upon transferring the somatic embryos onto the modified 
MS medium with 2 mgL-1 BAP and 0.05 mgL-1 NAA for germination, 82.5% of the somatic embryos were 
germinated into the seedlings.
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suggest that tomorrow’s rice land will be under 
even greater pressure (Greenland, 1997).
Tissue culture of rice, which has been 
developed in the last six decades, was started 
by Fujiwara and Ojima (1955), and Amemiya 
et al. (1956), by culturing the excised root and 
immature embryo on nutrient medium.  High 
concentration of strong synthetic auxin, such as 
2-4-Dichlorophenoxy acetic acid (2,4-D), has 
overcome the limitation of rice tissue culture by 
culturing the undifferentiated and meristematic 
tissue or the organ tissue explants at defined 
stage of development in nutrient medium 
using organogenesis as a pathway for plant 
regeneration (Ammirato, 1983).  Furthermore, 
rice plant regeneration has been achieved from 
embryogenic calli derived from immature 
embryos (Heyser et al., 1983), mature seeds 
(Harke and Lorz, 1989), scutellum (Gupta et 
al., 1989), coleoptiles (Oinam et al., 1995), 
and microspore (Datta et al., 1990). However, 
according to Bajaj and Rajan (1995), the 
establishment of the regeneration system of 
indica rice varieties requires a longer period as 
compared to japonica rice.
The MR219 variety is an indica rice 
hybrid which was produced by the Malaysian 
Agricultural Research and Development Institute 
(MARDI).  The rice is very good in terms of 
its quality (shape and taste) and also high in 
yield.  However, this variety is sensitive to 
environmental changes.  In Malaysia, one of the 
major problems which limit high production of 
rice is water deficiency.  Moreover, several other 
abiotic stress factors have also been found to 
affect the cultivation of rice; these include excess 
soil salinity (Zhu et al., 2000) and temperature 
stress which affect all the stages of growth and 
development (Perales et al., 2008). 
Conventionally, rice plant can be genetically 
improved through crossing.  However, it takes 
a long period of at least 2 years for a new 
variety to be released through such approach. 
Tissue culture technique, coupled with genetic 
transformation, can therefore be an alternative 
approach for improving the rice crop.
This study describes the establishment of 
somatic embryogenesis, from scutellar embryo 
of Oryza sativa L. var. MR219, which is a 
potential tool in genetic transformation of rice 
for high yield and quality improvement.
MATERIALS AND METHODS
Explant Materials and Surface Sterilization 
Procedure
Explant materials for this research were rice 
seeds variety MR219, obtained from the Rice and 
Industrial Research Centre, Malaysia Agriculture 
Research Development Institute (MARDI) 
Seberang Perai, Malaysia.  Rice caryopses, 
containing scutellar region of embryo, were 
isolated by removing lemma and palea from 
the seeds.  The caryopses were sterilized using 
70% alcohol for 1 minute, followed by shaking 
in 40% Clorox containing a drop of Tween-20 
on an orbital shaker, at 120 rpm for 40 minutes. 
Finally, the explants were rinsed with sterile 
distilled water for 5 times and cultured onto the 
medium with the different treatments tested in 
the study.
Basic Media and Treatments
Two basic media used in this study were modified 
N6 medium supplemented with 500 mgL-1 (w/v) 
L-glutamine and modified MS (Murashige and 
Skoog, 1962) medium with the macro nutrients 
reduced to half-strength and supplemented with 
500 mgL-1 (w/v) of glutamine, 100 mgL-1 (w/v) 
of proline.  Both the media were solidified with 
0.2% (w/v) phytagel agar.  The pH of the media 
was adjusted to 5.8.  Different concentrations 
of 2,4-D [0, 1, 2, 4, and 6 mgL-1 (w/v)] were 
used as the treatments for embryogenic callus 
induction.  These cultures were then kept at 25
!2cC in the growth room (incubation room) 
in a dark condition for one week and followed 
by transferring the cultures under 16 hours 
lighting, provided by fluorescent bulbs with 
15.75 µmolm-2s-1 light intensity until the eighth 
week of culture.  Meanwhile, the MS medium 
containing different concentrations of BAP (0, 
0.5, 1, 2 and 4 mgL-1), in combination with 
different concentrations of NAA (0, 0.01, 0.05 
and 0.1 mgL-1) were used as treatments for the 
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germination of somatic embryos.  The cultures 
were kept at 25!2cC in the growth culture, 
with 16 hours of light, provided by fluorescent 
bulbs and a light intensity of 15.75 µmolm-2s-1 
for eight weeks.
Experimental Design and Statistical Analysis 
The experiments were arranged in a Completely 
Randomized Design (CRD) as a single factor 
experiment, with four replications and each 
replication per treatment contained ten explants. 
The gathered data were analyzed using the 
analysis of variance (ANOVA), while the 
Duncan New Multiple Range Test (DNMRT), at 
α = 5%, was employed to carry out a comparison 
between the treatment means.
Data Recorded
Data recorded in the somatic embryogenesis 
include the percentage of explant which 
responded to form callus (%), determination of 
callus viability based on fluorescein diacetate 
(FDA) method, the percentage of explant which 
responded to form embryogenic callus (%), and 
the mean number of somatic embryos produced 
per explant.  Data were collected every two 
weeks until the eighth week of culture, while 
the growth characteristics were observed every 
week.  The parameters on the somatic embryo 
germination recorded were the percentage of 
somatic embryo germination (%), the percentage 
of the normal plant (%) and the percentage of 
abnormal plant (%), produced after the eighth 
week of culture.
Assessment of Viability of Callus
The fluorescein diacetate (FDA) method was 
used to assess the viability of the callus cells. 
Stock solution of FDA, at a concentration of 
0.5%, was prepared in acetone and stored at 
0cC.  Firstly, the scutellum derived callus 
produced was transferred to liquid MS medium 
containing 1 mgL-1 2,4-D and the FDA solution 
was added to the cell suspension at a final 
concentration of 0.01 %.  The mixture was 
incubated for 5 minutes, and the cells were 
finally illuminated with UV light and visualized 
under an inverted microscope.  The viable cells 
gave green fluorescence.
RESULTS AND DISCUSSION
Based on the observation, the callus started to 
grow from scutellar embryo of rice, after three 
days of culture (Plate 1A).  The scutellar embryo 
derived callus subsequently started to enlarge 
and some yellowish to greenish nodules grew 
around the explants after ten days of culture 
(Plate 1B).  After six weeks of culture, calli 
almost covered the explants surface (Plate 3A). 
Nodular structure and globular somatic embryo-
 
(A) (B)
Plate 1: The developmental stages of embryogenic callus formation from scutellar 
embryo of rice (Oryza sativa L.) var. MR219. Callus formation from the scutellar 
embryo of rice after three days of culture (A), and the scutellar embryo derived callus 
started to enlarge and some yellowish to greenish nodules grew at explants, after 
around ten days of culture (Bar=1cm)
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like structures were formed from the calli (Plate 
3B).  The somatic embryos were then transferred 
onto the MS medium containing different 
concentrations of BAP, in combination with 
different concentrations of NAA for germination 
(Plate 4A).  After three weeks, the somatic 
embryos were germinated into seedlings (Plate 
4B) and grew into a complete plant after sixth 
week of culture (Plate 4C).
Fig. 1 shows the effect of different media 
(MS and N6) containing different 2,4-D 
concentrations on the percentage of explant 
forming callus after the eighth week of culture. 
The presence of different 2,4-D concentrations 
(2, 4, 6, 8 mgL-1) in the media tested gave a 
significant response for 100% callus formation; 
meanwhile the absence of 2,4-D (control) inside 
the media did not produce any callus (Fig. 1).  The 
result indicated that 2,4-D was the most suitable 
to stimulate the formation of callus.  However, 
no significant difference was observed between 
the 2,4-D treatments.  Bonga and Aderkas (1992) 
stated that in large amount, phenoxy auxin (2,4-
D) is a strong promoter of callus formation, 
while Matsuta and Hirabayashi (1989) stated 
that suitable concentration of 2,4-D would 
promote somatic embryogenesis.  Although 
all the 2,4-D concentrations tested produced 
 
(A) (B)
Plate 3: The developmental stages of somatic embryo formation, whereby calli with 
nodule structures (red arrow) almost covered the explants surface after six weeks of 
culture (A) and nodular structure and globular somatic embryos (white arrow) formed 
from the callus (Bar= 1cm)
 
(A) (B)
Plate 2: The assessment of callus viability.  Rounded cells with highly dense cytoplasm 
confirmed the embryogenicity of the callus (A) and viable cells with dense cytoplasm 
fluoresced apple green when assessed using the FDA solution (B)
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100% formation of callus, the cell viability test 
performed on the callus showed that not all callus 
produced were embryogenic.  Fig. 2 illustrates 
the effect of the different media (MS and N6) 
containing different concentrations of 2,4-D 
on the percentage of scutellar embryo of rice 
explants, producing embryogenic callus after the 
eighth week of culture.  The highest percentage 
of embryogenic callus formation (80%) from 
scutellar embryo was observed on the modified 
MS medium containing 4 mgL-1.  Based on the 
data presented in Fig. 2, the growth trend on the 
percentage of explants produced embryogenic 
callus showed a quadratic pattern, whereby the 
addition of 2,4-D up to 4 mgL-1 in modified MS 
and N6 medium showed an increment on the 
percentage of the scutellar embryo of rice explant 
producing embryogenic callus.  Nevertheless, 
when the 2,4-D concentration was increased to 
more than 4 mgL-1, it resulted in a decrement on 
the percentage of explants forming embryogenic 
callus.  The results indicated that the optimum 
concentration of 2,4-D was 4 mgL-1.  It is 
important to highlight that the embryogenicity 
2,4-D concentrations (mgL-1)
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Fig. 1: The effect of the different media (MS and N6) containing different 2,4-D 
concentrations on the percentage of callus formation after eight weeks of culture
  
(A) (B) (C)
Plate 4: Stages of somatic embryos germination. Somatic embryos on MS medium 
containing different concentrations of 2 mgL-1 BAP in combination with the different 
concentrations of 0.05 mgL-1 NAA for germination (A) Somatic embryos germinating 
into seedlings after the third week on germination medium (B), and complete plants 
regenerated, after the eighth week of culture (C), (Bar=1cm)
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of callus produced is important for plant 
regeneration.  Matsumoto (2003) reported that 
the selection and differentiation of embyogenic 
calli is necessary to get efficient regeneration. 
The cells of the callus were rounded with 
a highly dense cytoplasm, confirming the 
embryogenicity of the callus produced (Plate 2A) 
and furthermore, the cell viability of the callus 
was confirmed with the fluorescein diacetate 
(FDA) staining, visualized under an inverted 
microscope, illuminated with UV luminescence. 
The viable cells, with a dense cytoplasm and a 
healthy nucleus fluoresced apple green when 
assessed using the FDA solution (Plate 2B).
Fig. 3 depicts the effect of the different media 
(MS and N6) containing different concentrations 
of 2,4-D on the mean number of somatic embryos 
formed per explant.  The highest mean number 
of somatic embryos formation (85) was found 
on the modified MS medium containing 4 mgL-1 
2,4-D.  Based on Figs. 2 and 3, in comparison 
to N6 medium, the modified MS medium 
2,4-D concentrations (mgL-1)
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Fig. 3: The effect of the different media (MS and N6) containing different 2,4-D 
concentrations on the mean number of somatic embryos formed per explant after eight 
weeks of culture
Em
br
yo
ge
ni
c 
ca
llu
s 
fo
rm
at
io
n 
(%
)
2,4-D concentrations (mgL-1)
Fig. 2: The effect of the different media (MS and N6) containing different 2,4-D 
concentrations on the percentage of embryogenic callus formation, after eight  
weeks of culture
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combined with all the 2,4-D concentrations 
tested show a higher percentage of embryogenic 
callus formation from the scutellum embryo 
of rice explant and the highest mean number 
of somatic embryos formed per explant.  This 
indicates that the MS medium, which is rich with 
nutrients is more suitable for the tissue culture 
of rice, as compared to the N6 medium (Table 
2).  Minocha (1987) reported that the presence 
of 2 mgL-1 2,4-D, in the culture medium (MS) 
of Pinus radiata cotyledon explants, caused the 
formation of callus, while Sane et al. (2000) used 
the MS medium containing 2,4-D at 9.05µM 
for the induction of somatic embryo on Acacia 
tortilis.  Ronald et al. (2005) made use of 1mgL-1 
of 2,4-D for the somatic embryogenesis on slash 
pine (Pinus ellotii Engelm.) and Liu et al. (2001) 
reported that the presence of 4 mgL-1 2,4-D, in 
the culture medium of rice seeds, caused the 
formation of embryogenic callus.
Table 1 shows the effect of the different 
BAP concentrations, in combination with 
the different concentrations of NAA, on the 
percentage germination of somatic embryo 
as well as the percentage of the normal and 
abnormal plants produced after the eighth week 
of culture.  The normal plant was characterized 
by the normal growth with bipolar structure, 
which was indicated by containing shoot and 
root structures.  Meanwhile, the abnormal plant 
was characterized by the stunted growth.  In this 
study, the highest percentage of somatic embryos 
TABLE 1 
Effect of different BAP concentrations in combination with different concentrations of 
NAA on percentage of somatic embryo germination, percentage of normal plant and 
percentage of abnormal plant produced after the eighth week of culture
Plant Growth Regulators Somatic embryo 
Germination (%) Normal Plant (%) Abnormal Plant (%)BAP (mgL-1) NAA (mgL-1)
0 0 20.00 e 18.00 cd 2.00 f
0.5 0 22.50 de 15.50 cd 7.50 ef
1 0 25.00 cde 16.38 cd 8.62 ef
2 0 32.50 c 17.75 cd 14.75 bcd
4 0 23.75 cde 12.63 d 11.12 de
0.5 0.01 25.00 cde 16.75 cd 8.25 ef
1 0.01 27.50 cd 18.75 cd 8.75 ef
2 0.01 60.00 b 39.25 b 20.75 a
4 0.01 32.50 c 20.25 c 12.25 cde
0.5 0.05 21.25 de 12.63 d 8.62 ef
1 0.05 55.00 b 37.00 b 18.00 ab
2 0.05 82.50 a 66.00 a 16.50 abc
4 0.05 30.00 cd 18.50 cd 11.50 cde
0.5 0.1 25.00 cde 13.25 d 11.75 cde
1 0.1 60.00 b 39.00 b 21.00 a
2 0.1 60.00 b 41.75 b 18.25 ab
4 0.1 27.50 cde 13.00 d 14.50 bcd
CV (%) 15.90 9.30 12.30
Means followed by the same letter(s) in the same column are not significantly different using the Duncan New 
Multiple Range Test (DNMRT) at p=0.05
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TABLE 2 
The composition of the modified Murashige and Skoog (MS, 1962) and the modified 
N6 media
Elements MS (mgL-1) N6 (mgL-1)
Macro elements
Calcium Chloride CaCl2 332.02 166.00
Potassium Dihydrogen Phosphate KH2PO4 170.00 400.00
Potassium Nitrate KNO3 1900.00 2830.00
Magnesium Sulfate MgSO4 180.00 180.00
Ammonium Nitrate NH4NO3 1650.00 -
Diammonium sulphate (NH4 )2 NO3 463.00
Micro elements
Cobalt Chloride CoCl2 6H2O 0.025 -
Cuprum Sulfate CuSO4 5H2O 0.025 -
Boric Acid H3BO3 6.20 1.60
Potassium Iodide KI 0.83 0.80
Manganese Sulfate MnSO4 4H2O 16.90 4.40
Sodium Molybdate Na2MoO4 2H2O 0.25 -
Zinc Sulfate ZnSO4 7H2O 8.60 1.50
Vitamins
Glycine C2H 5NO 2 2.00 2.00
Nicotinic Acid C6H 5NO 2 0.50 0.50
Pyridoxine C8H 11NO 3 0.50 0.50
Thiamine C12H 17CIN4O 5 0.10 1.00
Iron
Disodium ethylenediaminetetraacetic acid Na2EDTA 37.25 37.25
Ferrous Sulfate FeSO4 7H2O 27.85 27.85
Others
Myo-inositol 100 100
Sucrose 30,000 30,000
L-glutamine 500 500
L-proline - 100
Pytagel agar 2000 2000
germinated into the plant (82.5%) was observed, 
with 2 mgL-1 BAP, in combination with 0.05 
mgL-1 NAA, and this treatment was also found 
to produce the highest percentage of the normal 
plant (66%).  Yang et al. (1996) stated that the 
combination of auxin (NAA) and cytokinin 
(BAP) could enhance the percentage of somatic 
embryo germination in papaya.  On the contrary, 
Craig et al. (1997) obtained somatic embryos 
germination in Moricandia arvensis when the 
somatic embryos from an auxin medium were 
transferred into an auxin-free medium. 
Based on the data presented in Table 1, the 
MS medium without both BAP and NAA (MS0) 
could also result in somatic embryos germinating 
into seedlings (20%) although with the low 
percentage of somatic embryos germinating 
into plant, and 18% of the normal plants were 
obtained from this treatment.  These results 
indicated that the hormone-free MS medium 
could be used for the recovery of plants from 
somatic embryos.  Nevertheless, the presence 
of BAP and NAA was most suitable for somatic 
embryo germination in rice MR219.  Based 
on the findings of this study, the treatment 
containing 2 mgL-1 BAP combined, with 0.05 
NAA, could be chosen as the ideal germination 
medium for this particular variety.
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CONCLUSIONS
Callus was successfully induced on the modified 
MS and N6 media, containing 2,4-D from 
scutellar region of rice caryopses embryo var. 
MR. 219.  The study found that eighty percent 
of embryogenic callus and 85 somatic embryos 
were produced from the scutellar region on the 
modified MS medium containing 4 mgL-1 2,4-
D.  Meanwhile, the MS medium containing 2 
mgL-1 BAP, in combination with 0.05 mgL-1 
NAA, resulted in 82.5% of the somatic embryo 
germination into seedlings.  The somatic 
embryogenesis from the scutellum embryo of 
rice, developed in this study, could therefore 
serve as a potential tool with an important 
application in genetic transformation and 
production of quality planting materials.
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